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RESEARCHE MEMORANDUM

FORCE AND FRESSURE CHARACTERISTICS FOR A SERIES OF NOSE INLETS
AT MACH NUMBERS‘FROM 1.592 70 1.99
IV - CONICAL-SPIKE EXTERNATL-INTERNAL
COMFRESSION INLET UTILIZING PERFORATED COWL

By Robert T. Madden and Emil J. Kremzier

SUMMARY

As part of a general investigation of supersonic inlets in the
NACA Iewls 8- by 86-foot supersonic wind tunnel, teats were conducted
to determine the force and pressure-recovery characteristics of a
model utllizing & single-shock spike-type inlet with a perforated
cowl. External and Iinternal pressure distributions, pressure
recovery, and 1lift, drag, and pltching moment were measured for a
range of mess-flow ratlos at angles of attack from 0° to 10° for
free-stream Mach numbers of 1.59, 1.79, and 1.99. The average
Reynolds number based on the inlet diameter wes approximately

2.4x108.

The use of a perforated cowl resulted 1n the abtalnment of
a high pressure recovery at zero angle of attack, but wes accom-
panied by a relatively large increase in external drag as compared
with nonperforated inlets of the same proportions. Throughout the
range of stable operation, the total-pressure recovery decreased
wlth increasing angle of atbtack, particularly at Mech numbers of
1.79 and 1.99.

Stable flow was observed &t the design Mach number of 1.79
for the higher mass flows at zero angle of attack. The range of
mess-flow ratlos with stable operation decreased with increasing
angle of attack and at 10°, shock oscillation was observed for all
but the supercritical mass flow.

The calculated average subsonic-flow coefficient of the per=-

forations for a free-stream Mach number of 1.79 and zero angle of
aettack was 0.53.
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INTRODUCTION

The use of perforations in an inlet to obbaln efficient super-
sonic diffusion has been investlgated and is reported Iin references 1
to 3. The results of these investlgations. show that high pressure
recoveries can be abtained at zero angle of attack. Increases in
drag, however, are also assoclated with these hlgh pressure recoveries
and. must be baken into considerastlon in the evaluation of the per-
formance of a perforated inlet. In order to compare the performance
of a perforated inlet with that of other types of supersonic inlet,

a gingle-shock conlcal-spike external-internal compression lnlet
utilizing a perforabed cowl was investigated at ‘the NACA Lewis
laboretory in the 8- by 6-foot supersonic wind tunnel.

The inlet was attached to an afterbody, which formed the subsonic
diffuser, and was lnvestligated through & range of mass flows and
angles of attack from 0° to 10° at Mach numbers of 1.59, 1.79, and
1.99. In addition to the determination of drag and pressure recovery,
1if% ‘and pltching-moment characterlstics were also obtained. The

average Reynolds number was approximately 2.4x105 based on the
model inlet diameter.

SYMBOLS
The followlng symbols are uged in thls report:
perforated area

drag coefficisnt, D/qosm

JJ:D

1ift coefficient, L/qyS,

[
H

pitching~moment coefficient about base of model, G/qosml

=

Cy pressure coefficient, p-po/qo

D drag

a diemeter at area of maximum cross section, 8.125 inches
G pltching moment about base of model

L 1ift ‘

o T A VN e
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T lengbth of model, 59.149 inches
M Mach number
m mass flow
P total pressure
P static pressure
q dynamic pressure, ypM%/2
3 ares
Sc inlet capbure area defined by cowl 1lip, 0.1704 square foobt
Sn maximum crogs-sectlonal area, 0.3601 square foot
U velocity
u ‘velocity in boundary layer
Vy axial perturbation velociby

X,r,6 cylindrical coordinates

¥ disbance from model surface

o angle of atbtack

7 ratio of specific heabs

) boundary-layer thickness

M absolube coefficlent of viscoslty
p mass density

Subscripts:

-?. local conditlion in boundary layer
T throat of inlet
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0 free gtroam .
1 cowl lip

2 station at x = 7.688 inches

3 entrance to combustion chamber

S minimum area abt plug

AFPPARATUS AND FROCEDURE

Because the apparatus and procedure were, 1ln general, simllar
to ‘those of references & %o 8, only the significant differences
are discussed herein.

A photograph of the pressure model is shown in flgure 1 and a
schematic dlagram of the complete ram~jet configuration ls presented
in Pigure 2(a) with the details of the inlet shown in figure 2(b).
The coordinates for the entire model are given in table I.

The inlet was designed so that the obligue shock wave from
the 40° cone would inbtersect the cowl 1lip at a free-stream Mach
number of 1.8. A= shown In figure 3, intermal contraction was
incorporated (S]_/ST = 1.188) +to reduce the average supersonic

Mach number behind the obligue shock to approximately sonic velocity
for the shock-swallowed cordition at Mo of 1.79.

A method of calculating the perforation area necessary to
allow the normal shock to swallow ls given In reference 2. With a
splke-type inlet, however, the exlstence of an apprecisble boundary
laysr slong the spike cauges an effective reduction in throat area
necessltating an incresse in perforation area over that calculated
by the method of reference 2. Because the displacement thickness
of the boundery layer was unknown, the perforation ares required for
normel shock entrance was determined experimentally from the pressurs
model. A ourve of the ratlo of the sumabtlon of perforated srea to
throat area as a functlion of the ratlo of diffusexrr area to throat
arss as determined from the pressure model 1s presented in figure 4.
The force model wes investigabted uvsing the perforation distribution
88 determined from the pressure model.

The locations of the statlc orifices on the pressure model
are given in table II. Pressure orifices (taps) were not incor-
porated over the cowl because of the possibllity of aerodynamioc
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interference between the instrumentation and the perforations. The
straln-gage balance and angle of attltude 1ndicator were similaer to
those described in reference 4.

The deslignation of the varlous axlal stations along the model
length used as subscripts In the notatlon of this report is shown
in figure 5.

The tests with the force model covered a range of mass-flow
ratios and angles of atbtack from 0° to 10° at Mach numbers of 1.59,
1.79, and 1.99. The pressure model was investigabed at only a
Mach number of 1.79 for the same angle—of-attack range.

N

RESULTS AND DISCUSSION
Characteristlics at Zero Angle of Attack

External flow characteristics. - Changes in the shock pattern

with varylng amounts of mass spillage are shown in the typlcal
schlleren photographs in figure 6. With the normal shock Just inside
the cowl lip (fig. 6(b)); ms/mo, 0.871), the mess spillage produced

shock waves that were nearly normal to the surface; whereas with the
shock downstreem of the perforations (fig. 6(c); meximum ms/my, 0.956),

the smaller splllage produced only obligue shock waves. At lower
mass~-flow ratios, the shock pattern assoclated with additional mass
spillage eround the outside of the cowl lip is shown in figure 6(a).

The veriation of total-dreg coefficlent with mass-flow ratio
as measured with the force model ls presented in figure 7. The
total drag as obtained from this investigation includes the pres-
sure and friction forces on the external shell and on the internal
surface of the shell from the cowl 1lip to the downstream end of
the perforated region and includes the pressure force along the
limiting streamline of the mass flow passing through the unit
(8g of fig. 5).

The adverse effect on the total drag of increaging mass-flow
gpillage through the perforations is indicated by the rapid
increage In drag with decreasing mass flow from the maximum value
of 0.956 down to about 0.850 where the normal shock emerges from
the inlet entrance. For further decreases in mass-flow ratio
where the splllage through the perforstions remains essentially
congtant, the drag Increase is less severe. The reglon of rapid

<SS
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dreg increase wilth upstresm movement of the normal shock in the
perforated region is probably a result of an increase in the force
along the limiting streamline S in addition to changes in the

cowl pressure drag.

The characteristics of the boundary-layer flow over the
external surface of the model were investigated &t station S5l.
With the assumptions that the statlc pressure measured on the
model surface shead of the reke was constant through the boundary
layer' and that the total temperasture wes constant, the rake data
were reduced to obtain Mach number profiles, examples of which
are shown in figure 8(a). When the analysis in reference 7,
(wvhich indicates that the outer limit of the boundary layer is
defined by & rapid change in the slope of the Mach number profile)
is wsed, the boundary-layer thickness 1s less than the rake height
for only the maximum mass-flow ratio where the shock is downstream
of the perforations. Figure 8(b) shows that by using the point B
of figure 8(a), the data for the highest mess-flow ratlo, when
converted to dlmensionless ratios, are in approximate agreement
with the 1/7 power veriation associated with turbulent boundary-
layer flow,

The boundery-layer thlckness determined at & mass-flow ratio
of 0.856 by reke measurements at station 51 was approximately
1.03 inches, which is considerably greater than the average vealuse
of about 0.80 inch cobserved on the nonperforated models at the
game station. In an attempt to correlate the Increased thickness
with the mass flow spllled through the perforations, the thick-
ness of the boundary layer at the rake station resulting from
mass~flow spillage and friction along the external surface was
calculated by the method given in the appendix. The calculabed
boundary-laeyer thickness of 1.02 inches is in good agreement
wlth the experimental value. The difference in momentum between
gtations 3.3 and 51 is approximstely equal to thée friction force
along the surface since the static pressure over this reglon is
relatively constant. The friction-drag coefficient of 0.038
(method given in appendix), based on the meximum frontal area,
was slightly smeller than the averags valus of about 0,045 deter-
mined from the nonperforated inlet tests. This result might be
expected when the increased boundary-layer thickness ls considered
along with the decrease in wetted area that results from the
omission of the ares shead of station 3.3. '

The force on the limiting streamline of the spllled mass
flow and on the inside of the cowl to the downsbtresm end of the

%“ C‘k.h‘
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perforations was approximated by using assumption (1) in the appendix.
This force corresponds to the momentum decrement given by the change
of the spllled mass from free-stream velocity to zero axial velocity
and In the present case results in a drag coefficient of 0.042 based
on the maximum frontal aresa.

The model external pressure drag was not obtalned experimentally
because of the lack of pressure instrumentation on the perforsted
cowl. BHowever, a part of the external pressure distribution was
obtained and is shown in figure 9 for a mass-~flow ratio of 0.958.
Also Included in figure 9 1s the theoretical pressure distribution
for an identical model without perforations and without mass-flow
spillage. The theoretlcal pressure-drag coefficient corresponding
to thils distribution is 0.036 based on the maximum frontal area.
Good agreement of the experimental pressure with theory exists over
the rear of the model, but the foremost datas points indicate a
deviation that 1s probably assoclated with the perforation spllleagse.
It appears that any large differences in pressure distribution are:
confined to the region close to the perforations but since the
perforated surface has the greatest slope, any change in pressure
distribution over this area results in a relatively large change
in pressure drag.

It is possible, on the besis of the values obtained in the
appendix, to determine the spproximate magnitude of the sum of
the pressure and friction forces acting on the external surface
from the cowl 1lip to the downstream end of the perforations. The
result obtalned 1s shown graphically in figure 10 where the dif-
ference between the total minimum-dirag coefficient and the sum of
the previously dlscussed components corresponds to & drag coeffi-
clent of approximately 0.040. Because of the relatively small
wotted ares for this part of the model and consequently a small
frictlon force, 1t is probable that the greatest part the drag
unaccounted for 1is assoclated with the change in pressure distri-
bution due to flow spillage over the forward part of the cowl.

This hypothesis suggests that an improvement in the external
- drag characteristics would be obtained if the spilled mass flow
was exXhausted through ducts to the externsl flow over an area
parallel to the engine axis where any modifications to the
pressure distribubtion would not cause a pressure drag increase.
Another method of reducing the perforation spillage drag ls-
suggested in reference 8 where it is shown that the hole shape
may be designed so that, with the shock downstream, no mass passes
through the hole to the external flow over the cowl.

Sl
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Internal flow characteristics. - The variation of over-all total-
pressure recovery, combustlon-chamber Mach number, and inlet and sub-
gonic diffuser total-pressure recoveries with mass-flow ratio is
pregented in figure 11. All total pressures and Mach numbers were
computed as discussed in reference 4. -

Although the trend of the over-sll total-pressure recovery with
mass~flow ratio 1s similer to that of references 4 to 6, the curve
differs from those of the nonperforated inlets iIn that the over-all
total-pressure recovery contlnues to lncreasse after the normal shock
passes downstream of the cowl lip until the meximum (critical) mass
flow is reached and the shock enters the subsonic diffuser. The
mass~flow splllage through the perforations with the shock completely
swallowed amounts to gbout 4.5 percent. The trends of the curves
of combustion-chamber Mach number and the inlet and subsonic diffuser
total-pressure recoveries es functlons of mass-flow ratlo are also
gimilar to those of references 4 to 6. It should be noted, however,
that the data polnts at mass-flow ratios of 0.425 and 0.463 for the
inlet end subsonic diffuser curves are in the range of shock
ogclllation and are unreliable. The dashed porilions of these curves
have been falred to indicate the probable varlation that would exist
in the total-pressure recoveries without shock oscillation.

The varlation of the internal pressure coefflicient along the
lower eurface of the spike and i1sland of the model (8, 0°) for
three mass-flow ratlios ls presented in figure 12, A general trend
of decressing static pressures with lncreesing mass-flow ratio
can be noted. At ms/mo of 0,956, congiderable disturbances exlst

within the inlet indicating probable shock reflections in the per-
forated region after the esteblishment of supersonic flow in the
inlet. .

Typical Mach number profiles et the enbtrance to the combustlon
chamber for three mass-flow ratios are presented in figure 13. The
largest verlations in Mach number across the annular pessage
occurred at maximum mass flow. In general, the profiles Indicate
higher veloclties close to the shell surface than are obtalined close
to the splke surface. Thls phencmsnon is probably dus to the
exlistence of a thinner boundary layer along the outer shell bescsause
of a certaln amount of boundary-layer bleed through the perforations.
As mentioned in reference 4, the varlations in the profiles measured
by the various rakes are attributed to the wake effects produced by
the support struts. . )

2107



LOTZ

NACA RM E51BO5 ' SN, 9

Effects of Changes in Angle of Abttack and Mach Number

External flow characteristics. - The variation of total-drag
coefTicient with mags-flow ratlio for several angles of attack at
three Mach numbers is shown 1n figure 14. The data at a Mach number
of 1.9 are presented for only & small range of mass-flow ratlos,
particularly at angle of attack, because of shock oscillatlon. For
a glven angle of atbtack, the minimum~-drag coefficient decressed with
increasing Mach number. This varietion is primarily associated with
a corresponiing change in extermal pressure drag. The value obbtained
et a Mach number of 1.59 is higher than the other values because the
shock did not swallow and therefore includes & component of additive

- drag assoclated with flow splllage shead of the cowl. The drag

coefficients are, in general, greater than were obbained for similar
test conditions wlth other models in the investigation. These
lncreases are abtrlbuted to the previously discussed adverse effect
of splllage through the cowl perforations on the pressure-drag
coefficient.

The variations of 11ft and pltching-moment coefficients with
mags~flow ratio for various angles of attack end Mach nmumbers are
presented in filgures 15 and 16, respectively. In view of the
method of defining the external forces, the 1ift and pitching moment
include the force acting on the limiting streamline of the mess
flow passing through the unit 1n addition to the forces on the
internal surface of the cowl in the perforated reglon. Only small
changes in the coefficients with changes in mass-~flow ratio are
Indicated In figures 15 and 16. The experimental center-of ~pressure
looation as affected by changes in mass-flow ratio (fig. 17) is
within the range of approximetely four to six engine diasmeters
ahead of the base for all angles of attack and Mach numbers
Investigated.

The variations with angle of attack of the drag, the increment
of drag due to angle of attack, the 1ift, and the pitching-moment
coefficients at criticel mass-flow ratios for three Mach numbers
are shown in figure 18. Also shown are theoretical curves deter-
mined by applying the method of reference 9, modified to apply to
&n open-nose body and neglecting end effects. Comparison of the
experimental and theoretical curves shows that the increment of
drag and 1lift coefficient, with the exception of 10° angle of
attack at a Mach number of 1.59, are underestimated by the theory
whereas the pitching moment 1s well predicted up to 6° but scme-
what overestimated &t 10°. The effect of mass-flow spillage through
the perforations was not taken into account in the evaluation of

NE——
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the theoretical curves from the method of reference 9 and therefore
close agreement between experiment and theory cannot be expected.

Internel flow characteristles. ~ The variaetlion of total-~

pregsure recovery and combustion-chamber Mach number with masg~flow
retio for three fres-stream Mach numbers and varlous angles of
attack is shown In figure 19. It can be noted that the decrease in
Preggure recovery with angle of attack 1s more pronounced on the
pexrforated inlet then for the inlets reported In references 4 to 6.

Critical mess-flow ratlos decrease very slightly with angle of
attack up to 6°. The greater decrease in mess~flow ratio at 10°
engle of attack for the two higher free~mtream Mach numbers is
probably due to the normal shock not swallowlng completely over
the top half of the inlet, which results in greater flow spillage
through the perforations or around the outside of the cowl lip.
Because the shock dces not swallow et all for a free-gstream Mach
number of 1.59, the decrease in mess flow with increassing angle
of attack is very slight. The shock conflguration associated
with the increessed mess-flow spillage due to angle of abtack can
be observed In the schlleren photographs presented in flgure 20.

A plot of the inbternal pressure coeffilcilent along the lower
surface of the spike and islaend for a constant mass-flow ratio
of 0.845 and various angles of attack at a free~stream Mach
number of 1.79 is presented in figure 21. In the wvicinity of the
cowvl 1lip, the pressures indicate a slight downstreem movement of
the normal shock with increasing sngle of attack. Additional
Internal pressure date are tebulated in table III.

The variation of total-pressure distributions with angle of
attack at the entrance to the combustion champer 1s shown in
figure 22. The trend of the total pressures with angle of abttack
is not clearly defined, especially at the higher angles of atbtack.
At present, it is unknown whether this condition is the result
of asymmetrical flow spillege through the perforations or whether
it 1s assoclated with shoock osclllation.

. Performance of Perforations
The average subsonic-flow coefflcient of the perforatlons

caloulated from the pressure data and continuity relations wes
approximately 0.53 (MO-' 1.79; a, 0°). A messured valus of

throat Mach number was used 1in the calculations rather than an

QTS
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agssimed value of sonic velocity. This measured value was used because
indications of boundary-layer build-up along the spike causing pre-
mature choking at the throat were noted while the measured average
Mach number &t the throat was some subsonic value less than unity.
The calculated value of subsonic-flow coefficlent is in good agree-
ment with that of reference 2.

SUMMARY OF RESULTS

An investigetlon of a typlcal rem-jet configuration utilizing a
single-shock spike-type inlet with a perforated cowl was conduchted
in the Lewis 8- by 6-foot supersonic tunnel at a Reynolds number of
approximately 2.4x10% based on the inlet dlemeter. The investi-
gation was conducted for a range of mess-flow ratios and angles of
attack at free-stream Mach nmumbers of 1.59, 1.79, and 1.99. Force
and pressure data were teken and the following results were obtained:

1. The uss of perforations In the cowl of a spike-type inlet,
while glving relatively high pressure recoveries, resulted in rather
large drag increases.

2. ©Shock oscillstlon was encountered at the lower mass-flow
ratios for all three free-stream Mach numbers. The range of stable
operatlon decreased wilth increases in angle of attack and Mach
number.

3. Decreases in critical mass~flow ratios with increasing
angle of attack were more promounced at the higher free-stream Mach
nunbers because of associated changes in the inlet shock configuration.

4. The average subsonic-flow coefficient of the perforations
was approximately 0.53. This value was in good agrsement with that
obtained in a previous investigation.

Lewis Flight Propulsion Laboratory,
National Advisory Commitiee for Aeronautics,
Cleveland, Ohio.
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APPENDIX
EFFECT OF ¥FLOW SPILLAGE ON BOUNDARY-LAYER CHARACTERISTICS
The analysis of the boundary layer and the spilled mass at the

downstream end of the perforations was mede by employing the following
aasgumptions

2107

(1) The total momentum decrement in the boundary layer at
sbation 3.3 was assumed to be that which corresponds to the product
of the apllled mass (assumed to enter the external stream normal to
the direction of flow) and the free-stream velocity. The sssump-
tion of zero axlal wveloelbty of the spilled mass is gquestioneble
because the spilled flow does not have to be turned 90° to the
gtream directlion to pasa through the perforatlions. It is therefore
implied that the axial momentum of the spilled mass 1ls equal to
the defect 1n momentum due to the bhoundary-layer flow over the
cowl ahead of statlon 3.3,

(2) The air passing through the perforations mixed with the
free-gtream air and the boundary-layer momentum defect at
station 3.3 1s distributed =sguming

1
24 (3) @

that 1s, the boundary layer st this station is of the same turbulent
profile as determlned at station 5l1.

(3) The turbulent boundary-layer thickness increases in .
accordence with the following relation . _ o

K(‘Le)

——_1 o ) (2)
<

where K 1is equal to 0.34, a value that was determined by an

analygis of the turbulent boundary-layer growth characteristics

obtained from measurements of nonperforated inlets having approx-
imately the seme exbternal proportions.

e

® =

With these three assumptions, the momentum thickness of the
boundary layer at stabion 3.3 was computed and this velue was used

L
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to obtaln the boundary-layer thickness 8. The effectlive length of
run 1., necessary to obtaln this value of B, was determined fram

equation (2). The length obtained in this manner was added to the
distance between stations 3.3 and 51 to obtain the effective value
of 1, at the rake station. Then using egquation (2), the thlckness

8 the rake station was calculated.
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TABLE I - COORDINATES FOR 8-INCH RAM-JET CONFIGURATION

15

{a) Center-Body Coordinates (b) Outer-Shell Coordinates

210t

Station Diameter Stetion Diameter
(in. downstream (in.) (in. downstresam (in. )
of cowl 1lip) of cowl 1lip) External Internal
g-g g'ggg 0.5 5.855 5,712
. 8.920 1.0 6.045 5.850
1e5 . 2.0 64330 6.100
2.0 5.734 3.0 6.538 6.302
2.5 4‘327 4.0 6.670 6.430
g°g 2'522 4.5 6.714 6.470
. . 5.0 6.750 6.500
4.0 4.430 8.875 64947 64697
g'g i'ggg 9.875 64998 6.748
. . 22,0 7.616 7.366
7.0 4.600 30.0 8.024 7.774
7.875 4.600 32.0 8.125 7.875
10.0 4.585 |, 56 .0 8.125 7.875
12.0 4,545
14.0 4.486
16.0 4,415
18.0 4.327
20,0 4,220
22.0 4,084
24,0 3.922
26.0 3,715
3,343

50,031

TABLE II - LOCATION OF STATIC-PRESSURE
ORIFICES ON PRESSURE MODEL

Stetion
(in. downstream of cowl lip; negative
values indicate in. upstream of cowl 1lip)
Internal
External (v)
shell orifices

(2) Spike Island
11.0 -1l.5 8.0
1200 -1.0 9.0
14.0 =05 10.0
18.0 0.0 11.0
18.0 0.5 12.0
21.0 1.0 14.0
24.0 1.5 16.0

. 27.0 2.0 18.0
51.0 2.5 21.0
35.0 3.0 24,0
4040 4,0 27.0
45.0 5.0 31.0
6.0 37.0

7.0

8Twoc rows of orifices at € = 1800
and © = 270°,

be = OO.
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TABLE III - EXTERNAL AND INTERNAL PRESSURE DISTRIBUTIONS OF NACA 8-IRCH RAM JET
CONFIGURATION FOR FOUR ANGLES OF ATTACK AT FREE-STREAM MACH NUMBER OF 1.7%
_ (a) Angle of attack, 0°,
Sta- mz/mg = 0.966 mz/mg = 0.847 my/mg = 0.682
tion
Longltudinel distribution of Cp
Outer shell, " Center Outer shell, Center Outer shell, Center
external body external body external body
e—=| 180° 270° 0% 180° 270° 0° 180° 270° 0°
-1.5 ' '0.328 0.328 0.328
=1.0 «302 303 o564
=0.5 «351 «365 «594
o] «345 « 429 1,041
0.5 «351 l.112 1.283
1.0 «363 1.238 1.305
1.5 «800 1.238 1.344
2.0 o471 1.190 1,348
245 +«858 - 1.172 1377
3.0 +589 l.122 1.388
4.0 «833 1.294 1.511
5.0 «631 1.304 1.524
6.0 «651 1.316 1.332
7.0 561 1.335 1.540
8.0 «725 " 1.330 1.540
Be0 « 840" 1.360 1l.542
10.0 =0,012 « 833 ~0.022 1.354 -0.033 1.532
11.0 -0.0086 -.0089 «993 «0.016 -.019 1.370 ~0.,024 ~s027 1.538
12.0 -.004 -.004 1.081 ~.0l4 -+013 1.399 ~.022 -.022 1.558
14.0 -.002 (o] . 1.217 ~.012 =-,007 1,461 ~,019 =-.0156 1.594
16.0 -.001 -0 1¢314 ~.012 -.008 1.511 ~.016 -.,017 1.629
18.0 <004 <001 1.388 ~o 004 -.004 1.553 ~,008 =-.010 1,668
21.0 008 «001 1.483 001 -.004 1.612 ~.002 ~.008 1.701
24.0 «Q10 +006 1.583. .00% -.002 " l.661 002 -.002 1.738
27.0 «004 «008 1l.614 -+001 | «004 1.895 ~.002 -«001 1.761
31.0 + 005 «008 " 1.651 «004 1.717 «001 1.772
35.0 =-.017 -.018 ~.022
37.0 l.678 1.738 1,783
4040 ~-.010 -.010 ~.013
45.0 -e014 -+013 ~«0l5
- Circumferentiasl distribution of Cp
Sta=- Outer shell, external Outer shell, external Outer shell, sxternal
tion : : _ -
e —»| 1gg° 216° 2340 252° 198° 21809 2340 252° 198° " | 216° 2349 2520
14,0 | =0.002 |-0.004f ~0.007 |~0.002 |=0.012 |=0,016 | =0+017 | =04 00| =Ca 019 [=0.022 | -0.023 |-0.014
43,0 ~e01l2 | =e012| «,012| =012 | ~4012| =a0Ll2| =e01l3| =o401l4| =e0l4 | ~e0l4| «.0l6]| ~-.015

B
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TABLE ITII -~ EXTERNAL AND INTERNAL PRESSURE DISTRIBUTIONS OF NACA 8-INCH RAM=-JET
CONFIGURATION FOR FOUR ANGLES OPF ATTACK AT FREE-STREAM MACH NUMBER OF 1.79 - Continued

(b} Angle of attack, 3%

Sta- mz/mg = 0.946 mz/mg = 0.888 mz/mg = 0.836
tion
Longltudinal distribution of Sp
Outer shell, Center Outer shell, Center OQuter shsll, Center
external body external body external body
8 —» 180° 270° 0°, 180° 270° o° 180° 270° o°
-1.5 0,395 0,392 0.393
-1.0 «367 «365 «366
=045 «421 «418 «419
0 «.418 414 . .418
0.5 «431 428 « 931
1.0 «433 432 1.180
1.5 «505 «504 1.201
2.0 «115 1.007 1.179
2¢5 «579 1.085 1.167
3.0 «581 1.020 1.107
4.0 «669 . 1.205 1.285
5.0 878 1.216 1.293
8.0 «655 * 1.234 1.304
7.0 «554" 1.265 1.318
8.0 «460 1.269 1.304
9.0 .894 1.310 1.330
10.0 -0.018 «904 -0.023 1.308 -0.028 L.319
11.0 -0.023 -.016 +«966 ~0.030 ~.022 1.328 -0.035 e 027 ‘1.335
12.0 -.020 -.012 1.056 -.027 -.018 1.364 -.030 -.022 1.371
14.0 =-.010 -.008 l.192 -.017 -.014 1.438 ~.021 -.017 1.443
16.0 =-.008 -.008 1.280 -.013 -.014 1l.499 -.016 -.017 1.501
18.0 ~-.002 ~.007 1.364 -+008 -.012 1.546 -.009 -.012 1.649
21.0 «004 ~.008. 1.461 -.001 ~.012 1.614 -.004 -.012 1.614
24.0 +008 -.003 1.541 002 -.006 1.671 . -.001 -+ 007 1.668
27.0 +001 =-.002 1.595 -+ 004 -.004 1.704 -.004 -.004 1.702
3.0 <004 . 1.632 -.001 1.732 -.001 1.725
35.0 -.020 -.022 : -.022
37.0 l.662 1,756° 1.746
40.0 -.011 -.014 ~.014
45,0 =012 -+015 -+015
- Circumferential distribution of b
Sta- Outer shell, externsl Quter shell, externsal Outer shell, extsrnal
tion
8—> | 198° | 216° | 234° | 252° | 198° | 216° | 234° | 252° | 198° | 218° | 234° | 252°
14.0 | =0,015]=0,018 |=0.020(=04005 |=0+021 [=0:024 |-0,025| -0.013 [=0.025 [-0.028 [ =0,028 |-0,017]
43.0 =«0l3| ~-.013| -.018| -.020| -.015| -.015| -.020| -.022} -.017| -.017| -.020| -.023

..
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TABLE III - EXTERNAL AND INTERNAL PRESSURE DISTRIBUTIONS OF NACA 8-INCH RAM-~JET

CONFIGURATION FOR FOUR ANGLES OF ATTACK AT FREE-STREAM MACH NUMBER OF 1l.78 - Continued

{c) Angle of attack, 69,

Sta- mz/mg = 0.937 mz/mg = 0.914 I mz/mg = 0.830
tion =
Longitudinal distribution of Cp
Outer shell, Center Outer shell, Center Outer shell, Center
external body external body external body
8 ~—= 180° 270° o° 180° 270° 0° 180° 270°. 0°
=1le5 0.463 0.468 0.464
-1.0 437 o440 «4358
-0.5 «495 «497 495
o] +«504 +508 «504
0.5 «507 «510 «511
1.0 «507 « 500 « 850
1.5 «417 .418 «897
2.0 +024 : «476 «873
2.5 + 545 «635 1,070
3.0 «495 |- +858 1.060
4,0 «630 . 1.087 l.261
5.0 «818 1.117 1.268
60 .58 l.144 1.278
7.0 «517 - 1.187 1,291
8.0 «892 1,219 1.274
9.0 «969 l.254 1.267
10.0 =0.035 « 985 =0,038 l.261 =0.043 1.283
11.0 -0.035 -.038 1.027 =0.0357 -.041 l.281 =0.043 -.044 1.204
1240 - 027 -.038 1.091 -.029 -« 040 1.317 =, 035 o043 l.342
14,0 ~-.021 -.038 1.198 -e021 -.040 1.390 -.028 =-.040 l.422
16.0 -.012 =-.038 1.279 ~.012 ~.038 1.448 -s017 ~«040 l.485
18.0 -+004 -.038 1.345 -.006 -+ 038 1.496 -+ 010 -e 039 1.536
21.0 -«001 -.058 1.433 «001 -e038° 1.583 -« 003 -.038 1.609
24,0 «002 -«034 | 1l.513 +«002 -+ 033 1.626 0 -.034 1.669
27.0 -.002 -.029 - 1,585 -,002 ~-+029 1.665 =-+003 -+ 030 1.708
31.0 0 1.808 .001 |- 1.698 -.001 1.732
36.0 -.023 ’ -.022 -.023
370 . - L.635 1.722 1.760
40,0 -e014 ~e014 =-+015
45.0 -.014 -.014 =-+015
Circumferential distribution of Cp
Sta- Outer shell, external Outer shell, external Outer shell, external
tlon -
66— | 198° | 216° | 234° 252° | 198° | 218° [-234° | 252° | 198° | 218° | 234° | 262°
14,0 [=0.025(|=06032}=0.045 | =0.039} -0,026 |~0+033|=-0.045|=0.040] =0.300]=0,035| =0.048| -0,04
43.0 -.018| =-,022) -.029 -e041] =.018| =,020] =,027| ~.041| =-,018| -,021} -.028| ~-.03

.

w oA
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TABLE III - EXTERNAL AND INTERNAL PRESSURE DISTRIBUTIONS
OF NACA 8-INCH RAM-JET CONFIGURATION FOR FOUR ANGLES OF
ATTACK AT FREE~-STREAM MACH NUMBER OF 1.79 - Concludsd

(d) Angle of attack, 109,

Sta- mz/mg = 0.897 ngz/my = 04857
tion
Longitudinal distribution of Cp
Cuter shell, Center Outer shell, Center
external body external body
e—> 180° 270° o° 180° 270° 0°
=-1.5 0.554 0.549
-1.0 «545 . 538
=0.5 «608 502
o] <599 « 585
0.5 «605 «813
1.0 «807 o771
1.5 «413 «386
2.0 «030 «584
2.6 «593 +»798
3.0 «A87 «754
4.0 +«501 1.035
5.0 «510 l.081
8.0 «456 1l.120
7.0 . «382 l.164
8.0 « 386 lel94
9.0 «581 1.234
10.0 -0.075 «628 -0.075 l.246
11.0 -0.,045 -+083 471 -0.048 -.082 1,264
12.0 -.038 -.088 «312 -«0359 -.088 1.292
14.0 -.024 -.0081 «188 -.024 -.090 1.348
16.0 -.014 -.101 482 ~s014 -+101 1.596
18.0 -.009 -.104 711 -+007 -.102 1.436
21.0 -.004 ~«104 «807 -.002 ~+101 1.492
24.0 -.002 -.099 1.045 -.001 ~.096 l.548
27.0 -.008 -.088 l.131 -.004 -.086 1.585
31l.0 -.004 l.187 -.002 l.612
35.0 -.030 -.028
37.0 l.224 1.628
40.0 -.020 ~-.018
45.0 -.024 ~.023
Circumferential distribution of Cp
Sta- Outer shell, external Outer shell, external
tion
8— | 1980 216° 2349 2520 1980 | 216° | 2340 2520
14.0 [=04031|=0e049|=0e078|=0e101; =0+031| =0,048| =0,076 |=0,100
43,0 ~e042| -,045| -,043| -.058] -.037] -.040( -.040]| -,0860
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Mass-flow ratio, 0,883,

(v) Mase-flow ratic, 0,87L.
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Flgure 7. - Variatlén of total-drag coefficient with mass-flow
ratio. Angle of attack, O°; free-stream Mach number, 1.79.
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Total-pressure ratio, P/Py
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(a) Angle of attack, 10°; masa-flow ratio, 0.844.
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(b) Angle of attack, 6°; mass-Tlow ratio, 0.826.
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(c) Angle of attack, 3°; mass-flow ratio, 0.835.
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(d) Angle of attack, 0°; mass-flow ratio, 0.847.
Plgure 22. - Veriation of tptal-pressure distribution at entrance to combustion chamber for

epproximately constant mass-flow ratio at free-stream Mach number of 1.79 and for four
angles of attack. . .
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